Orthodontic treatment is eff ective when the facial and cephalometric characteristics of the ethnic background of patients are considered because the normal measurements for one group are not necessarily normal for another group. It is important to develop individual standards for each population. Diff erent racial groups must be treated according to their own characteristics. The aim of this study was to establish a cephalometric standard of the cranial bases and jaw bases for Bulgarian population and to fi nd the diff erences between males and females. The pilot study included 390 adult Bulgarians. Of these, 90 cases with intact dentitions, harmonious faces and Angle Class I occlusion who have not received orthodontic treatment, were purposefully selected. Lateral cephalometric radiographs of the selected subjects were taken. Six linear/angular measurements combining sagittal parameters selected form Steiner (ANB angular indicator), Schwarz (S-N, Ba-N, A 1 -PNS, Go-APMan linear indicators) and Jacobson (WITS-linear indicator) analysis were recorded. Student's t-test with 5% signifi cance level was used for data analysis (means, standard deviations, maximum and minimum values) and to assess gender diff erences. A gender-based cephalometric analysis of indicators found that there are statistically signifi cant diff erences. Only the ANB angular parameter did not show any statistically signifi cant diff erence between genders. The cephalometric variables measured in this study were signifi cantly diff erent between the genders except for angle ANB, and they were higher in boys. The results of our study confi rm previous research on the topic presented in specialized literature.
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BACKGROUND
Analysis of lateral cephalometric head fi lms is an additional diagnostic aid used to determine the relationship of the skeletal and dental structures. Cephalometry in orthodontics has been used extensively to study facial form and treatment planning. It is also used to assess treatment progress and craniofacial growth, to predict growth for individual patients, and for other tasks in orthodontic research.
Cephalometric norms can be invaluable to dental practitioners in determining patient; they are based on factors such as age, sex, size, and race. In fact it is important to compare a patient's cephalometric fi ndings with the norms for his or her ethnic group in order to achieve accurate diagnostic evaluation, while considering his or her treatment goals and needs.
Due to the ethnic variability of skull morphology it is important to compare a patient's cephalometric fi ndings with the norms for his or her ethnic group for in order to gain an accurate diagnostic evaluation. Only the Causcasian standards are available however, ethnic difference that exists, is well known. Unfortunately norm values for European-Bulgarian are lacking. The studies indicate that normal measurements for each group should not be considered normal for every other race or ethnic group. Therefore, it is important to develop individual standards for each population. Different racial groups must be treated according to their own characteristics.
The cephalometric analysis should evaluate the position of the maxilla and mandible with that of the cranial base and the relationship of the maxilla and mandible to one another. Cephalometric standards are not available for the local Bulgarian population with which patients can be compared or assessed during treatment. Hence, there is an urgent need to establish the normal standards of Bulgarian population.
AIM
The objectives of this research are: (1) to establish cephalometric standards for lateral x-rays of Bulgarian adolescent that can be used as baseline data for diagnostic purposes and planning orthodontic treatment; (2) to identify sex differences between Bulgarian males and females.
MATERIALS AND METHODS
Of the 390 subjects included in the study, 90 cases met the evaluation criteria. Study participants were students referred from the Dental Faculty of Plovdiv and Medical college of Plovdiv between 19 to 26 years of age.
The 90 cases (44 males and 46 females) were chosen according to the following criteria: patients with class I dental and skeletal malocclusion who presented class I molar relationship with normal overjet and overbite, mild or no tooth crowding or spacing, harmonious faces, intact dentitions and no history of orthodontic treatment.
Lateral cephalometric radiographs of the selected subjects were taken. The study was approved by the institutional Ethics in Human Research Committee (protocol 2106/2014).
The lateral cephalograms of 90 study participants were analysed. Cephalometric tracings were performed on standard acetate paper (17.5 x 17.5 cm and 0.07 mm thickness) with a 0.3-mm graphite mechanical pencil, transparent ruler to the nearest 0.5 mm, protractor to the nearest 0.1°, template, adhesive tape and illuminator. All tracings were done by the investigator in a darkened room. Tracings were performed twice at a minimum interval of 10 days aiming to eliminate possible investigator's error.
The results obtained, were tabulated and statistically analyzed. Database were processed with statistical package SPSS 19.0 1 (IBM Corp. 2010). The level of signifi cance was set at p < 0.05. A paired-sample t-test and ANOVA were used to evaluate statistically the fi ndings. Means, standard deviations, and analyses of covariance, adjusted for age and sex, were derived.
We studied 90 lateral cephalometric radiographs of adult Bulgarians. The cephalograms were analyzed using Steiner (ANB angular indicator), Schwarz (S-N, Ba-N, A 1 -PNS, Go-APMan linear indicators) and Jacobson (WITS-linear indicator) analyses. The measured cephalometric landmarks are presented in Fig. 1 and Table 1 .
Using these landmarks the following linear and angular indicators were made for the subjects (Fig. 1) : ANB -angular indicator for assessment of the sagittal relationship between the jaws; WITSlinear indicator for assessment of the relationship between the jaws which is traced according to occlusal plane constructed between the midpoint of the fi rst molars mesial cusps overlap and the midpoint of the incisor overbite; S-N and Ba-Nlinear measurements for assessment of the cranial base; A 1 -PNS-linear indicator for assessment of the maxillary base; Go-APMan -linear indicator for assessment of mandibular base. 
RESULTS
We found normal occlusal and sagittal relationships in 90 (23.8%) of the monitored subjects. The gender diversity in our sample was 44 men and 46 women. The average age of the total sample was 22.4 ± 0.26 years (Fig. 2) .
The Kolmogorov-Smirnov test showed that the data were normally distributed ( Table 2) .
The results allowed us to obtain the reference values of cephalometric indicators for Bulgarian population. All skeletal components were studied together with the total sample ( Table 3 ) and separated by gender ( Table 4) . Table 3 shows the mean values, standard deviations, maximum and minimum values of cephalometric indicators for each parameter of the 90 subjects with completed growth and normal sagittal relationships.
The mean value of angle ANB is 2.39 ± 0.11° and for the WITS appraisal (AO -BO) it is 0.98 ± 0.19 mm. Measurements confi rm that the monitored subjects are with normal sagittal relationships of both jaws (I skeletal class) and can be used in the present study.
The mean value of base of the skull Ba -N for Bulgarian population is 111.30 ± 0.63 mm and for the anterior cranial base S -N is 72.80 ± 0.43 mm.
The t-test was used to evaluate the differences between the genders. Based on the gender we establish statistically signifi cant differences ( Table 4) .
The results showed that except for the angle ANB, every other variable was signifi cantly higher in males. Class I males are larger than Class I females in terms of overall maxillary length (A 1 -PNS). Corpus mandibular length (Go-APMan) were found to be shorter in females. Based on the gender we establish statistically signifi cant differences. The larger skeletal bases of the cranium in males can be associated to sexual dimorphism.
The gender differences are more pronounced in relation to cephalometric indicator АО -ВО. The cephalometric indicator АО -ВО was signifi cantly higher in males (1.57 ± 0.20 mm) compared to females (0.40 ± 0.30 mm).
Only the ANB angular parameter does not show any statistically signifi cant difference between genders ( Table 2) . ANB angle is a resultant parameter of angles SNA and SNB and is not affected by gender.
DISCUSSION
Gender differences in our study were found to be statistically signifi cant, which is consistent with the fi nding of Athanasiou 2 , Enlow 3 , Gianelly 4 , Graber 5 , and Langlade. 6 Females generally have smaller dimension of most indicators of skeletal morphology as confi rmed by Downs 7 and Rakosi. 8 Our results confi rmed the conclusion of Bishara 9 , Jacobson 10 , and Langlade 6 about WITS (АО-ВО) assessment and showed sexual dimorphism with males signifi cantly more than females. Our study agrees with previ- ous examination of a Bulgarian sample population showing that subjects exhibit signifi cant gender differences in craniofacial anatomy. [13] [14] [15] Our study agrees with the study of Jacobson 10 and Bishara 11 which showed that angle ANB had no signifi cant difference between genders. This is resultant parameter which explains that jaws relationship and the proportions between them are relatively equal in both sexes.
The results suggest that the cephalometric measurements were correspondent to the standards stated by other investigators. [6] [7] [8] 10 Maxillary base length, mandibular base length and anterior cranial base were evaluated from Schwartz's 12 analysis. Compaison of present study with Schwartz's analysis shows that there is a signifi cant difference between the mean maxillary and mandibular base lengths, and these parameters are larger in our study.
The variety of craniofacial characteristics present in the different racial and ethnic groups have been investigated in several studies 6, 11, 13 , which mention the adoption of standard normality mean values for each specifi c group. Thus, each group should be evaluated separately according to its individual characteristics.
CONCLUSION
Sexual dimorphism is evident in young Bulgarian adults relative to linear skeletal indicators. Males showed signifi cantly greater maxillary and mandibular length than females. Skeletal determinants of Class I malocclusions for Bulgarian population may be different from those of other population groups. 
